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A TWO COMPONENT MODEL FOR THERMAL EMISSION
FROM ORGANIC GRAINS IN COMET HALLEY
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Cornell University
Ithaca, NY 14853-6801

Observations of Comet Halley in the near infrared reveal a triple-peaked emission fea-
ture near 3.4/_m, characteristic of C-H stretching in hydrocarbons (e.g., Wickramasinghe
and Allen, 1986). A variety of plausible cometary materials exhibit these features, in-
cluding the organic residue of irradiated candidate cometary ices (such as the residue of
irradiated methane ice clathrate [Khare et al., 1988]), and polycyclic aromatic hydrocar-
bons (Allamandola et al., 1987). Indeed, any molecule containing-CH3 and -CH2- alkanes
will emit at 3.4#m under suitable conditions. Therefore tentative identifications must rest
on additional evidence, including a plausible account of the origins of the organic material,
a plausible model for the infrared emission of this material, and a demonstration that this
conjunction of material and model not only matches the 3-4#m spectrum, but also does
not yield additional emission features where none is observed. In the case of the residue

of irradiated low-occupancy methane ice clathrate, we argue that the laboratory synthe-
sis of the organic residue well simulates the radiation processing experienced by Comet
Halley (We summarize the variety of post-accretion radiation environments experienced
by the comet in Table 1; ultraviolet and charged particle irradiation of dust grains prior
to cometary aggregation will also be of importance [Greenberg and Grim, 1986]). We
use a simple two-component model for emission from dust in the Halley coma to predict
an observed flux (heliocentric distance 1.16 AU, geocentric distance 0.549 AU) given by
FA = CA + flr_BA (T = 600K) + flrBA (T = 350K), where CA is the scattered solar flux,
[1 is the telescope solid angle, r is the optical depth of the blackbody continuum emitters

(T=350 K), r_ = a(a/A)ln(t-_ 1) is the optical depth of the submicron (radius a_ 0.1/_m)
organic emitters (T=600 K), and tA is given by the laboratory transmission spectrum of
the residue of irradiated CH4 ice clathrate (Fig. 1, after Khare et al., 1988). We show that
this model fits the 3.4/_m feature (Fig. 2), provides optical depths in excellent agreement
with those determined by spacecraft, and accounts for the absence of features at longer
wavelengths (Figs. 3 & 4), despite the presence of such features in transmision spectra of
typical laboratory-produced organics (e.g., as seen in Fig. 1).
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Fig. I. Tt_mi_ion spectrum of irradiated CII4 clathrate residue

(after Khare et aJ., lcar.#, to be published [19871).
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Fig, t. Best fit (solid curve) to 3-4.m spectrum of Comet Hmlley

observed by Wickramuinghe & Allen (Nature 323, 44-46 [|986!). The

absorption feature at _ 3.1pro, probably O-H stretch, is not modeled.
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Fig. 3. The Comet IlaJley 2-20pro spectrum predicted by our model,

compared to that of a 350 K blackbody.
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Fig. ,_. The predicted 2-20pro spectrum, after diwding our tt

continuum. Only the 3.4pm feature rise_ above the 5%-above-cont_nuu

[eve[ (indicated by the solid line).
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